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Perou et al., Nature, 2000

Sorlie et al., PNAS, 2001

Sorlie et al., PNAS, 2003

Hu et al., BMC Genomics, 2006
Parker et al., JCO, Feb 2009
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Array/PCR Training Set

1. Simultaneously assay subjects with

A microarray on frozen samples
(20k genes)

B. QRT-PCR on FFPE samples
(160 genes)

2. Objectively identify gold standard sample
classifications using microarray

A Cluster analysis of intrinsic genes

B. SigClust to identify significant clusters

SigClust: Liu etal., JASA 2008

Array/PCR Training Set

3. Constructclassification model in gRT-PCR

(FFPE) data using gold standard labels Test case] o m
A Calculate each subtype centroid
B. Compare atest case to each centroid
C.  Assign the label of the most similar
centroid
D. Repeatedly test with crossvalidation . l
over decreasing number of genes l . l

3 methods for ranking genes
3 methods for constructing centroids

Dudoit & Fridlyand JASA 2002
Storey et al. Bioinformatics 2006
Tibshirani et a. PNAS 2002

Array/PCR Training Set

3. Construct classification model in qRT-PCR
(FFPE) data using gold standard labels

A Calculate each subtype centroid
B. Compare atestcase to each centroid

C. Assign the label of the most similar
centroid

CV Error

D. Repeatedly test with crossvalidation T —
over decreasing number of genes e ———

E. Selectreasonable gene set based on
cross-validated accuracy
Genes

Final classifier consists of 50 gene centroids from gold standard samples
Accuracy estimate of 93% (91.7-93.6%)

Array/PCR Training Set

3. Constructclassification model in gRT-PCR
(FFPE) data using gold standard labels

A Calculate each subtype centroid
B. Compare atest case to each centroid

C. Assign the label of the most similar
centroid

D. Repeatedly test with crossvalidation
over decreasing number of genes

E. Selectreasonable gene set based on
cross-validated accuracy

3
H i

Final classifier consists of 50 gene centroids from gold standard samples

Accuracy estimate of 93% (91.7-93.6%)




Validation in Independent Datasets

Table I Climical Characteristics by Conort
p— Traiming No Neoadjuvant
set therapy*
Samples 189 761 133
Median Followup (yrs) 4 9 S
Mean Age 58+/-15 53+/13 52+/-11
@ + 114 544 82
- id 195 51
N + % E3 %2
- 100 710 ©
+ NA 3 B
HeR2 - NA 192 )
umorsze | <=20M & 409 13
>20m 136 339 120
Low 2 133 2
Grade Med % 218 5
igh 127 286 75
Luminal A £ 269 a7
Luminal 8 2 168 27
Subtype  HER2-enriched 31 120 2
Basallie % 128 27
Normal-like 12 3 13
ompTed from shina et al, 2006; Lof et al, 2007; van de Viver etal., 2002, Wang
etal, 2005; https://genome.unc.edu/pubsup/breastGEO/
Hess etal., 2006

Validation using Test Datasets

Table 1. Clinical Characteristics by Cohort
Characteristic Training | No adjuvant systemic Neoadjuvant
set therapy* chemotherapy”
Samples 189 761 133
Median Followup (yrs) 4 9 NA
Mezn Age 58+/-15 53+/-13 52+/-11
R + 114 544 82
- 77 195 51
+ 96 3 93
N 100 710 40
+ NA & 33
HERZ = NA 192 99
<=2cm 63 409 13
TumorSize 5 m 136 339 120
Low 12 133 2
Grade Med 56 218 54
High 127 286 75
Luminal A 23 269 37
Luminal B 12 168 27
Subtype  HER2-enriched 31 120 29
Basal-like 56 128 27
Normal-like 12 7 13
*compiled from Ivshina et al., 2006; Loi et al., 2007; van de Vijver et al., 2002; Wang
etal., 2005; https://genome.unc.edu/pubsup/breastGEO/
“Hess etal., 2006 Parkeretal.,
JCO, In Press

Parkeretal.,
JCO, In Press

Prognostic Model Evaluation

Table 2. Models of Relapse Free Survival (untreated)
Model A B C
Variable HazardRatio p-value HazardRatio  p-value  HazardRatio p-value
Basal-like* 133 0.330 179 0.030 158 0.066
HER2-enriched* 253 0.00012 3.25 <0.0001 290 <0.0001
Luminal B* 243 <0.0001 2.88 <0.0001 254 <0.0001
ER Status~ 0.83 038 083 0.34 0.83 0.32
Tumor Sizet 136 0.034 1.43 0.012 157 0.001
Node Status} 17 0.035 172 0.041 - -
Histologic Graden 140 0.0042 - - - 5
Full vs Subtype™ <0.0001 <0.0001 <0.0001
Full vs Clinical¥ <0.0001 <0.0001 <0.0001
*Luminal A class used as reference state in multivariate
~Hazard ratios for ER using positive marker in the numerator
1Size <= 2cm versus >2cm
+Any positive node
“Grade encoded as an ordinal variable with three levels
~significant p-values indicate improved prediction relative to subtype alone
¥Significant p-values indicate improved prediction relative to clinical data alone
N=710 local therapy only test cases parker etal.,
JCO, In Press

Diversity Within Subtypes

Distance to each centroid for a genomic summary  parkeretal.,
JCO, In Press

Risk Classification

< Similarity to the subtypes are used as variables in the prognostic
model where the outcome is risk of recurrence (ROR):

(1) Pllfiym Fy+ Basals Fy+ BERDS Gy + Dot 5, « Sond
(@) ARy F, + BOXE 4 fy « HERZ % Fy = [N =, = [NOME -y « T

« Weights for each term are learned from training data using a Cox
model with Ridge Regression

« The weighted sum is assigned as the risk score for a test case and a

threshold may be applied for class assignment

Ridge regression with Cox model: Tibshirani, Statistics in Medicine 1997
Comparative study: Bovelstad et al. Bioinformatics 2007




Risk Classification
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N=558 untreated test cases

ROR-C threshold determined from training data

Risk Classification

6.3% risk at ROR-C =0 E |
5% risk increase for 10 ROR-C LR |
1 Tl | FEH A3 |
[ |
N= 710 untreated 100 re-sampled test sets from

random split 2/3 train 1/3 test

SiZer analysis to identify linear relationship

Marron et al. Annals of Statistics, 2000 Crindex: Harrell FE, Jr. et al. JAMA 1982

Performance of gRT-PCR Assay

Rt T
B~ e B T-RZE

N=279 test cases

Parker etal.,
JCO, In Press

e i m

frh
12 weeks of paclitaxel
followed by 4 cycles Ix
of FAC in 129 patients

T/FAC Neoadjuvant Response By PAM50 Subtype
The overall pCR rate in this study was 22%

T/FAC pathological complete response rates for PAM50
subtypes and the triple-negative classification

Cl RD PCR
Basaklike 11(41%) 16 (59%)
HER2-enriched 17 (59%) 12(41%)
LumA 36(100%) 0(0%)
LumB 22(82%) 5(18%)
Normaklike 13(93%) 1(7%)
Triple Negative 13(50%) 13(50%)
Any Positive 82(80%) 20(20%)
TripleNegative/Basal 6(35%) 11(65%)
Triple Negative/Non-Basal 7(78%) 2(22%)
Non-Triple Negative/Basal 4(50%) 4(50%)
Non-TripleNegative/Non-Basal 78(83%) 16(17%)
> Per by thetotal per classification

Parker etal., JCO, In Press and Presented at ASCO 2008, Parker et al., Abstract 11008
Data from 83 patients was earlier published asRouzier etal., Clinical Cancer Research 11, 567885 (2005)

T/FAC Response By ROR-S

MO an i P e o

Hess etal., 2006 (1=51)
Sens:92%  PPV:52%
Spec: 71%  NPV: 96%




All patients, All Arms results

ACT vs. AC results
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Multiagent Chemotherapy Response

Subtype Frequencies Across 13 Studies

Tmm

NSABP B-27 ISPY Hessetal All Studies __ Prevalence
Tuminal A 0726 (0%) 2739 (5%) 0736 (0%) 27101 (2%) 27%
Luminal B 1/7(13%)  4/26 (13%)  5/22(19%)  10/55(15%) 17%
Her2-enriched 1/10(9%)  12/10(55%)  12/17(41%)  25/37 (40%) 16%
Basal-like 13/41(24%) 15/29(34%)  16/11(59%)  44/81(35%) 33%
Normal-like 3/1 (75%) 3/3 (50%) 1/13 (7%) 7/17 (29%) 6%
AlTSUbjects T8/85 (17%) _36/107 (25%) 34799 (26%) _B8/291 (23%)

Different multiagent regimens
*NSABP B-27: AC or AC/T
*Hess et al: T/FAC

*ISPY:

Hess et al., JCO 2006
Beat et al., JCO 2003

Luminal A Luminal B Her2 enriched Basal-like Normal-like Total Outcome  Platform
CALGBI84O 21 30 8 12 OSRFS  DASL
CALGBY342 12 20 1 69 OSRFS DASL
NSABP B.27 97 66 47 86 30 3% pCR,OS  Affymetrix U133+2
XENA 44 25 25 45 15 154 pCR Agilentlxddk
UsOncology 28 17 17 29 7 98 pCcR Affymetrix UL33A
ISPY 34 21 22 38 9 124 PCR, 0S,RFS Agilentlxddk
TAM 70 e 66 8 16 806 05,DS5,RFS qRTPCR
van de Vijver etal. 89 70 53 53 30 205 OSRFS  Agilent
Wvshinaetal. 91 67 36 30 21 25 RFS Affymetrix UL33A
Hessetal 39 22 29 31 12 133 pCR Affymetrix U133A
Wangetal 78 70 45 60 33 286 RFS Affymetrix U133A
Loietal 15 135 44 37 33 304 RFS AffymetrixU133A & U133+2
UNC 91 65 61 w44 378 OSRFS  Agilent
Total 1147 952 478 584 259 3420
Total 3% 2% 14% 18% 8%

Subtype Distribution of POP Differs from ROR-S

Paxk by Seamryper R by by

Genomic Assay Conclusions

1. The subgroup of ER+ and node-negative

patients are the group for whom
prognostic gene expression assays
are of the most value.

2. Genomic assays like the PAMS50 Intrinsic

Subtypes, OncotypeDX, Mammaprint,
and the Theros Breast Cancer Index, are
providing new and valuable information
that is not provided by the standard
clinical variables.

3. The best treatment plan is guided by a

combination of conventional clinical
assays (ER status, node status and
tumor size), and genomic biomarkers,
and the two are complementary.

4. Genetic biomarkers (like CYP2D6 for

tamoxifen responsiveness) are important
and may also come into standard use.
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